RRcfiRT 




3jpT : arrfrraT 3rf^mtR 

31<^c4|c; : ST. RR. cR T5^R 

1 ^ 

RTRR R^R TT ^ TT 3RRTR RT fr. 3lk Rt ^ ^ feT^ 3fT Rft 3 t ^ tROTR, 

rtr: ^ rr r£r fr >wiJid fcpRT ^t^tt 

sfnr^r ?r rr afr ^ 3 trpt3t ?r sfr^r ^r arR t?rt t, Rt ^ qFih^ih ?ttrt f;. qFircpir rrs rr 

Hpt^ - ^ ^ HPT ^ftCT^T TT^OT^T ^R-RR-'feR 3RT 5RRT 3RRR RRRT fRRPT ^tcTT RRR 

3TRT cjioHI ^ . 



ff^RT ip RT7R a}, RTRR ^ RR^T f^TRT fRTT R^ ^ R^t RRRiT, RR Uc^ RRg RTTefT RR R#T 
^>fr. fn5 3fT $RT R^t ^tRT RRT RffRR HPT 3TR ^ RT^RT. SR3fT-SR3fT ^ facPddl Rf 2TT RT f^R ^T 
RRR 3fT RTTRT 3T$R ft RTRT an, cKjlfo RRRT XJ2^ # RftsPRT RRRT J3TT £p RTRRT 3TT 3TTRT RT. 
RTTflR RTTR 3^ pW ^ RtRT f?P oJR ^ RRT 3Tk RT RRRTRTT?r T?tR RR T^lcddl RR R<^RI Ep 
RRRT £ 3TTcTT RRT ^ tJR: RRRT^ RRRT RT. 



^ 3IFI RT3fr-RTRR ^T ftRT t, RRT RR $RT ftRT f: RT 3TRRR 
3TRR RRR ^T fM ^RT fR% R^lftrp, RRZtRT ^R RRTTQTRTR 
^tRT ^ RRT RRTT R>t RRTTQT RR Raff ffRT fr. RRR ff> ffffff RTRR 
^ cfff ffjRT ffff RRfit RRR fRRR R5PT5T RR RRft RRTR Rep r|r^ 

^ f . rtrrT rt^ f^R ^ spafr afr f?R?r rst Rfr ^ ‘r^RRft rsttr 
^ ?fRfr f:. 





^RTf ?RRT R^cR^ f?F ffcf^RT ^F RTRR £ fRFFt fw RR RR RTRT RTRT an. 1370 f° 
^cT ^yiHI^H RTR 4 t ffTRR 3F TT3TT $ RtRRT RT?T 4 tRR 7^ ^T f-RR t, cT^ 3TRf RFFR af Uc4cF 
RTf 7^4 # 3RTRTRT 3F frftR f^FRT. 

nfTRR r>t rf rtrft 4r faffr •^4 R>t tjjtfR; fjh f)<hi 3ttr?rr> <h£i %. rI^t r4 ^Isi fp-r>i rtt yR>i?i<Hid 
(TT^T^T) ^tRT t, Rt 3ft ^aifr RR f?RRR SfldRdd RtRTT, R3R fRRF RRRRRR RT3fT 3ftcT5T RF 3TTRRT. R^ 
gn5 arfSlRT RRcFdT t, RT FTRarfSlRT Raf $ 3TTMr, Ran fRT% RTRR 3fT RT3fT FfTRR RF ^ 
cHiyJII. Rfc RTRR ^oRTT (SjRRT) oTTRT t, R2R 3FR RTRR 3rf?RF ^RT (cfTR) ^tcTT t, RR 3ft 

3-ftRT3T af $7TT M^cJc^R FfTRR R>t RF C F< 4 J II . 

rrfr; 3it^trqt ?R^r fr nrtf afr f^rf?r R|f arrFfr. f^R-RffffeR, rttr-rr-rttr, rrtf^t-fr-rrtf^t, rr ft 

RTRR arfRRcd RT t, ^ PUdl RRTTQTRTR(RtQTR) ^TTcTT R^T 

ffRT^TRT 4 t RTRR FT 3TR RRT, RTRfRlRT oTt^ft af RTR feTRT £ f^F 7^ 3TT5FT9T af an Ran RRTTQTRTR J3R. 

nt ztrrt an Ran fr$R rtrt an, Ran 3 ttrttqt af 3TRR-afrrf r^rih ^rt an, f^RRF rtrr “feR r rtr rr 
RT^ t-Rafr ef affRTR ^r af fRnfrt Rfr “feRRRt afr. 

Tnfrf^nn Ffrnf ^ rtrt an f^F f^RRfr f-RR af ajaf rtt ffrrr “nFan an, rt% fM nf Raff nn nnnQT rtr 
r%. f-’nr ?r annfr ff^f ^ri<^i nr rr n f^R Ran R^t nn rrt^. fw ^F n^r nn 

3fffFjRR (3T5^) R|t 

“r^R afr 5n5 nW ^ nsr nRRT RffrR RRfn. ^ an^ gan - “t^fr rr; Ran fcFR n^Taff ^ rrt 
an? 

r4 RcFTQT RF RTRTRar RcfTR F^dl (?. r^R nRT 3Tai c| | nRam 3Tai c| | cnl£> c^t jIc; c^t cFFRRT <F< 

rrvT 3R nRi^ fr R^fr fr f^rnr ^r ^ Rnnf Ran ar^aan jr tff^ nnn?T # ffer faiRR 
^Icfr t- annTQT nFn^-ai^d nFi^ r^t r^ ■$nfr ^Ftf rr^ r^t ^ fnafr ^r ^ RRf' Ran ar^am 
R R<f 1. R lei r 4 3RFT9T ^ RRFQT RF ffer ^ oft fcFRfT 3fr RR^ RR MS<4 RR RRRicfl ^ R?n Rr^Ri 
RRTR RR RRTT9T ^fT t, Rt FR aiFrajR 

RtarRR: gns araff ^ ^rt^ gns aRajR Rfr afr ^r rtrrt t- anf^RR rtrr rrr afr rrrqt # r^ ft^r 
RRT RFFRT fr. RR afr ^R arf^R 3RRRR RRcT 3 TRri arf^R cH M $. 3RRRR RRrT 4^ RRfr 3Rff 
RRR RRRQT RR R?ft 4cfl ^ h?lRI RRR r4 cFRRT Rli% ^ ^R RT3TRR: afTR oicHI^ d rf^F r 4 cfit 

ar^RRarfFr ^ rrrqt r RRfr rtr rrf. QftRRRR ^ ^r ^ “feR anR rrt rff^ rtIcf rr^ rtr 
RFF. 




3Tfftt, fft artaTSRfr arFFT kF f kteT kFTT fft FFk k, Ff ktk FTtfk £ft t, ft ff k Jikifd 
£k k fkk f^f Fk ft. FFg Ff af£k k FFgaft Ft FFktF Ftk k krk FktF k 



i^h< 3ft, 3TTFQT k ^4 k, FFT 3TT<? IF f=4 TS cl arf<M k 3T^F 3TFT ft.TJcp FcT Ft Ff fcp ^4 <j fl cH 4d 
t, Ft FfkrfkF Fk kkt, FFfk iJFcfr FT Plfttd (3FFF) 3Tf?F F Ftf fkktF 3TTFF (3TT^fk) Fk 
kFT. XJFcfr kt arf^Fr k FFttk F fitfkdlHI, ktdl-FfT kFT kk FftFctF kk ?fk ft. 

ark arkPF FfFF^jk 3 tft Ff 3ft f; kF xjakt f arkF arrFTkr ft, kt ff (FFkt), km, kF kk 

k*TF Ft olcHlk k TTTF kkl ft. TTF FIT ftFF ^Tl d<f FF FFT Ft aiMF FFTF k oi left ft. Fkt c^d-f 

arkF kt fkkn FFrk ffft ft, ft ark arktF fFF # arT^k Frkt kkr, 3 tf: ark FFft/FtFFT 

3FF k 5TFFT kFT. 

Tjk fF FFR kra^F 3ft Fk ft. Ff fkfFI F^F FFktF/kQTF TfFT ft, FFT Fft 3ft FFFT Fk ft. 
FFF;, kRFfeTF 3ftF 4dlklF, arfkkTFF (Aristotle, 384-322 BC) k ktFTT kPFT kp QTTFeT ^2kt F 
kPFT 3TTF9T k fkFF ft. 3Fk 3TF;3TF kfTFT kfT tfFrft kk FTF"? k tkfttd ft, Ft ktfFT Fkdfkd kk 
ft, FFT STF (FTTQT) k FTk ft. ?F FFT, Fk FF9T ^akt F 3FFF kFT ft, Ft FtatklF FFF FF 

Fk ■tpd i . arkF kt FFk ktk-Fk kkt ft ff FkFlkF kkr ft - ^ff ffftf kFT fr ttf ttfqt 
FFTF kFT fr. 

arkFFtFF k fkkF kPFT kp 3TTF9T k FFeJF tk^TF T?k 3TFkFkFQfTF FTFf k FfT ft, Ft TJFcfr fp 
FTFf fp FFTF Fk ft. FFk 3TTF9T fp FTFf Ft 3FF?T/FT^/fF (ether) F^T. klF ?FdT k PF 
Fk kkfeFTFT kFT t, FFfkP 3Fk 3T^3TF kPFT kp 3TTF5T/FT^ FFFk fp fkk FFT fr oft F^F FFT 
W- 

arkFFtFF Ft Tjk, f^/3ttfqt tjf ffc FFkr kr, ff fk f£f FFfkF kk 4r krk kPkr fFF 
# 3TTF9FFFT Fk kkt 4f. 

FFcJ, FTT 3TkFFtFF F 'FRUTT/FFFFT Fk kT? FF 3TTF9T k FFTJT7 ^kF: ^kT # FF^aft k 
fkFF kr? 3TTFT5T k 3ft FTcJTT kk 3ft t Ft FF^Tcft t kF 3fktF Fk FTFctt. 3FF FPT9T 
FFFFT fr FF FFTF k FTFT f:. 




5RPT (meteors) 3T2RTT f?R?r gtr cTft (shooting-stars) 3TRPRT Tf f^R6T ^ Ran pJR ft oTT^ t- 
(comets) 3fr 3TRT Ran Rc^ oTT^\ atf^dldd ^ ?R RRnT RTg HR 3TRT 3TTSTT, R fnp 3TTHRQT HR. 



rrrt % ^hrrt ^ hrtt? ^fr r£r irirt 3tthrt (3TT^frT) uftd^d hrrtt r^rt f:. HRfr rhrst 
% HJR h£T RR^ RtR 2JT, M<c-d, 3 RR R3TR HR R^ RR> 3TR HRf cRTT ^3TT (squashed) 2JT. R^ RHRQT hr 
artf-HjR ararar rrrt rt ddR^t ^ rhprt 




pW HRt R^ RRfR( £ £l Rff cPfr fnp 3TT^frr ?f R^ qftc^d RRRT RRR (phases) $dfpk J t, 
RRtfo 3TTRT RRRT ^ RRT RHRQRTTR RT RRT c£FRT 3TTRT 3TTR Rft RT. nfr rR^ RRRT ^ 3fT f^T 

R TTR cP 3TRT (sides) ft?T %. RRRT Hpr 3TT^frT ?R RT fi?T3pr HRRft f: f?P ptlfT 3TtT RRRT ^ RTR hr 
£ bddl 3T5T ^ sp RHRQT a} an. 3TRR QRRT a}, RRRT ST^ltT ^f^RTT ^ RT RRT 3Tk 3Tf?TRT TTHR9TR1R R^t 
pTT. RRRT arfWtRR ^ 3TTHR9T/RTR; TT R^t RRT 3TT. 

1609 atfprfeTRT (Galileo) RTR ^ 3dlPlcb (1564-1642)^ tjrt Rtj c^4)d (telescope) RRRfr. 
c(i4)d £ t^€t hjtrtt a#r fcarfr ^ rrt sjRrfr (dim) htrjr RRHRfr (bright) f. atferf^RT ?r 

c(l4)d Hpf 3TTHRQT h£T 3TtT ?f?IR f^P^TT R3TT RRRT HpT 3RTaTT^H (3TRRT TT RTc^ t) HTRT RRT RTTP 

^R3T. ^RpR RRT ^RnT CR tRRTT ^ TJR d<Hdd ^T4 £Ti>Jld JtT. 3fT Ijacfr # ?R^ tRP 

^)nRn afr. 




HFtmH, ^rsfr^T $ dtd 3TT^T QJsP (Venus Planet) HPT df 3^T f^T 3fT dPUT ftp T^3TT # 
arrf^r $^<*-1 3ft ftrffi-ptttr stt^t 2t. y ^ tjcp btfit cptptt fus (Black Body) stt, oft -tj^t y y>i?T dft u<iu fcici 
HPTtt $ tPPTSPFTFr |3TT. TT3ft ^ HPTct' ffe 3ft 3lft<M)dcH tft 3TTHPTQT/dPg $ Jt^T dtt if. 

ftp? 3ft Tt dddf^R ptt. CRTT 3TFPTQT/dPg ft TPPcTT 2TT? 




dft ^fti $, cfr tm Ran sr^r/f^smst/f^Rf tfffpr ?ten ^nf^. crrj, ttftsrfpPdt £ ftp 

ffHT ct^f 2JT. Bfdtft c^<4)ci ^ : ?j4' dl d>Tct' ttS# £tff. $=-iyfl ^tT TPPT ftp ^tj^f 3Tdtft 

«jfr/3tad dT tJJTcTT t, R2TT 2 6-f^T Jf ddt dddR Xjxff pPPcTT t- 




Sunspots show rotation of Sun In seven days 



dt dRT ?t TPPcTT $ ftp ^ ftRff dRSf 7f SRT %, ^ ftp ddTSt tf^PT ddtTQT £? ttfprfttdt tp 3T3Td Tt ft 
pfpT dK<f| cHJ) ?t ftp 0-dl 3ff ^t TPPcTT (p. 






anfc ddd at, pM at Titan far Tjat ^afr £4 dirt 3ftr tjddi f, ddtfa4 £raat at itm ft drttd ftdr f . 
1543f° ft dtteTST WTtc3 SdlPlef, QddHld <+>T M 4 Pi <+> 4H (1473-1543) at dd7 grddt dddf^Td 3ft, H^dt 
ij^-cfr £4 3fr antt artr tjarat dd dddd f^n f . 

^rf^rf^RTt 34 TT3T5T at, 3ft?tddQT WftcT tdTTt?|34 fTT 3Td/fetajTT dtt dTdTt £, ddT fTdt Tjat dtt 3ltT 
arf^TETT •H^rcjyu'i ddT fcdT. fTT d^d at adaftd 3dlQef) dtt ajat attT 3ft?ta4 d^ceiyut/TRldK dTftd flat 

CH j 1 1 . 

i4i^iui sfr dir dr, ajat £ ‘RhcH^Ti ^tt dr f ? grrat ddrat at jjldiciiati afr ^tt dr srrdat 

arfcfTd 2t, dTdcJ 3d% dTTT dTdat/3TTdat ^ feT^ 3T^& dat dtad i44,^U| dft at. c^cTld ^ TTTd d^ dddT 

md ft wn. 

1672 fo at fatotldPd %tatatt (Giovanni Casini 1625-1712) ddr ^ d34 $dlc-41-fcr wftc3 3dlQ4, at 
djydd Tjat at tjdcff a£t cjtt sft Mdltf T^d at 5)<4> <H l M l . ^TTat OTfT ajat a£t cjft fe47tt 3tt SKI 
^rnft/amfr a^fr ^tt tt sntarT^d 313% 3ftstdr afr. 

3TST ?at TTTd f Tjat d^aft at 92,900,000-3ttd (4RT3Td 148,000, 000-ft4° 3tt°) ^ft dT f. ^dafr dT 
£t§Jld flat dTct T)at 3fr 3TT^tdT 3ttr 3TTddT fddT IffStdT f. 3Td:, fTTdd 3TTddT 4l<(-d4 at 3TddtSt34 
eTST /forQUoT ftdr. 

xj^-sit Tdar ft ddTdt 3ft ddr f^rgirdr afe f , dt 7900-3ttd (dddd i2700-ft4° 3tt°) gift % f. 3rd;, 
ij£cjt c^t antanefd ajat 109-^11 affsT f. 

ddd^^Td, 1687 f° ?t fTTTdt a=ajdd (Isaac Newton 1642-1727) 4W ^ ddT 3tatdT 3dlP* ^ 

Jjd? r 4lc6t5ui (gravitational force) % f^dra? aft dt^Td dtt aatdT faldTdT. fddd qdtd ar^dd^t 

aTUTdT 7T31d ft d^ft. df^ xjS^Jt ajat 7r 92,900,000 -3ttd ( 148,000, 000-ftp° afto) ^ 7)at ^ 

dRt 3ftT ^^dt ^ xjdtfr dtt 1-dTt dd ddd dddT f , dd Tjat ^ q^3t # 3TTdT (mass), ^dejt ^ ft<J<Hld 
MSlSt eft 3TTdT e^f art'aTT 332,900-^41 fftt. 

Tjat dtt dd? dddKt |d 3TddiafT dddQT # afe 34 dd ^ dlddl d31d dft 7^- ^ d^3t 3fddT d^Taff 
Tt ddT dT. 3lt7 3Tf?tdT d : dT, d^ t^d^id 7TTT4 dT t?4 ^dTddtuT xjdcfr ddT 3fTdd5T atdt dT ft dajdd 
eft Jifuld 3T^dTTT dtdt dddT f. ^7T ^T, 3-rll l=-|er> xjptd: dd)E 2t, tefr 3TTdtT5T dd tja“cfr dT ytf kt 

tp fetdar f^rdd ft^ 34 3fttTdtdcT 34 taTdTT fTT tafdd ^ aim 3dlQef) ^ t^fritd fptdT t^4 d^f^ 34 
fafdTT d^TT^ (universe) af dd^dt TddT dT d34 TTardT f. 



frr t^dtrr 3diQef) dtt ddt a^ceiyu'i ^radT dd TnardT dtrdT dsr.xjdcfr nr Tdd att dft 
dddtdT dT, 3ttr d ft tjdcfr Tfctd S^ddTd T^ff aff. fTT t^dtrT ^ Tjat fc4TT dddT ££luddld T^cTT f, 




RddP fjd aft 3 # fdHH d hr fad dHT ddtrrd dp tjRfr? 3 th;, 2;£)lh<hih ftd dr fdd fjd dfR 
rpr Rdr/d RHH rtht £, HR 3iid|Rid d %d ^dPRHTH TfT fr? 

Rd 5T^r, Rtf dTTT fldr £ TTRfTT f dp Rldt Tjd Rfd ^T ST5TT ^T, fTTRT Rfd tjdH: ^‘cff dr Rfd d 
ffitHH ft TTRHT f. THH U d : , <J<5 d> M<ild dtt U <^> Tel 2lcfJ)ui|<HlH fid V U fc-RcK ^(^Wii^lc-i fid dtt 2ft. 

7TcH cj ci • , dTTT ft MR d i|ff XJ2-41 M’t ft, Ht M f 3ft ui|<H |ci f 1 J 1 1 . 

dfR 3ft, Hf fdTTQIMHR RFflH J3TT dp Tjd RT Rtf £RfT RH ft 71%, fdTTRT 3TRRH dpR HT Tldt. 
fTT RTTH d RJfH dr TRH d TTR Hf RJH Hft SR TTd> dp dPTT RRR d }jd d?lH/RPTQRTH f. 

2. 3Rlt 

dsniPlR dRH d ft <df) ■f'td <<s)d d, 3Tdt^, i<H<dl Tfd tJRft tR 3TRHH fid Reft TTRTHH 3i M ^h 
d 3ft dt. Hlf Rtf ftJH Rt HHTHT f, fit oiend d 3RR 5>^<HI okH Rt fRTH deft f, HR id HTR d 
LlTtclfdrl RT frit f . HR dRfft f, HR fTTRT ZRHR TSft Rt RFRT fd HR dffdt Rt tpnd d dpR 

HT TTRHT f . fTT RPR3TdH, H?ftH RT RTd RT TTRfft f . 

Hf HHt f, oft RTHH d dtHt/HTTJ3lf RT RTd R<d dr 
kid 3RTR RTeft f . TJHoft QRf dlR 3TTR d 3TTR f , 

3Tfa ZRTRT 3rd ftfTT t, 3RH: (3RR) d Rid RTHT. 

1764 f° d, d3R RH (James Watt 1736-1819) HR dr 
TJR TRTftQT 3TfdHHT d RTHdtR RTd RTd RR HRT 
RH foTH RTTR. fHd fRT Rt RHld d 3T?f[H d RTd 
dRTT. 3T?ftH d 3TTH7T dt 3TTTTdfddt RT TRH dcii y |<3T 
RT fdR, HR fTld 3TT l ?jfdR TTTTTT/^fdR d 3rd uftcldd 
3TTR. 

TRSTTdtR TR d, fHd dHlfdRl Rt 3Rt Rt tTR TRH d 

^rd trh rt thfhtr dr fdd tdodr tr d TfdRT 

HHTR. d 3TTHHT Rfd d dfT fRT d fdrldl 3Rlt RH d 
TTRfft fd RTd % fetd, i e-fid dtRT/RIHT dp i>oil dt 
3TTR Rt 3TtdR d 3rfdR HRdfTT d TTTH %d 3TRT RTd. 

1840 f° d, d3R OTRld oJH (James Presscott Joule 1818-1889) HR dr 3tdR tTTTfdR d fTT RPR 
dr 3rdR strh fdd, dd fdr rpt?t, Rrfd, ntd, m, dt^H, : ^3 rrth, fTRfd dr ttr trdR fdd. 




Waif’s steam engine 



^ yftr ft TTzp wr ftt wr ft ftrftrfftH ph w phth ft ^tft phth up pan^dftd ipp wPT.uppd; 
3ft ftHT tfftftT J3TT, fft fH TT3fr tftfttftH HHT paildl^dPtJT £ dP^t 3Hlt Hp3ft 3ft lifted Hftt gf. 

3ftt pwtr, 3T^T 3diQch fftt ffttwft up tftw wtroiftt ft with ft n|ftr wt. j^bthh: i 842 f° ft, 
ojffttTPT ftlft HTftP (1814-1878) HW TJIP olftH fftfftcPPP ft ftpTT fftw. 

tRTtfft 3JH WT HTftP dftfftfcT 3dlfftcP nft ft, fftftt ft 3ft 3Hft trfft fHTH H^t tftw. HWcJ, 1847 f° 
ft, BiP aftfttp 3T?rcBjft Ptftftt ftprifttp, fftwT fttH £c*PpW>d (Hermann von Helmholtz 1821-1894) 
fftt tftwft HP tf|ft 3ftr W 3Hftt dTfft ^HT. 

3TH:, 3TFTT 3T1HT t, tHPftPTFPT ft ft 3Hlt ft aftftwfftHT ft tftHH ftl ftftftrftH/oTP>]; fftHT. fHft 
3T7JPTP, 3Hlt pSTFcrfftcT PH ftftrfftH ftt 3TT dipftt £, tRHJ H ft 3WWH ftt oTT WPftt £, HHT H ft 
HT9T ftt oTT WPftt fl. 3TrT: ftT fHT 3Hlt TPM Ppftt ft 

3JPT tjft HTftP ftt 3ft ?WPT ftp 3TTHT fl. UPWJ, ftSTPH: ftwftHdH ftt aftftPHH ftp HldT £. ftk 
fdft fftrft, 3Ptft pipt trip H^pptjft trsr ht. ftrft aftftHTfftHT up fftPH php ft hp ptp 3ft PPft tftw 
Hldl (?, cTP P-ST iOd I ^ fft 3>oft PTpTT ft 3TTcft (n. PPlft PTcft 3T?ft<P ft 3>oft 3TftH ft 3TTcft (?. 3TftH ft 
3Hlt f PH ft 3TTcft ft 

PPPcJ, fftpfft ft fPH ft 3Hlt pftf ft 3TTcft 

ftft fPH, tPTH/PPpfr ft HP ftftt ft PHHT ft, tftt ftp tPPTST ft 3Wt ftt 3TIT?fttftT HPtft cTHT 
tpTH/pppftr iPT fftaftip tprft 




ftft 3Hlt fttHPTT rTP tPTH/PPpftT HPT 3PT?ftr t, ftl ^pftft pft ^dft f. cTHT PUpfl/lPTH ?jft ft 
tPPTQT ftt 3Wt ft l=t iftd 



ftft f'JTH ftpf ft HP ?jaPT fttft/ftcpft ft 3PT?ftr ft toTHtPT 3ftoTH tTHTftft/tft ft. iftt ftt 
5'al'l , ^jft ft tPPTQT ft Hid pl ftl ftt. 



qrftr-qraft, qfr m fqq qft qqTqT wn, qft afr qqt mz ftftt ft tftgq-qqrrQT, m qft qqrrQT qfrqft 
ft ftftt ft qqlft ?^T qftf ftqq qqqT J3TT 5T^t ftqft. ?qft aft arfftqr q^r f fft, q^r qw qft qqqQ T 
ftftt ft <pftl f, qq d<q $qft] cpRT ft ddift Tqft f, qqr tftqq-3TTq <pd i f . 53ft q>q ft 3nft) f? 

qtft ?qr $qq>i fttq Mdi qft, ftt ?rft qnq ftqT ftp jrqt fft?jq qfftq/ ftftftrr ft arrftt f , qt fftjq 
5e-Mc-c-i qqqT f . qq $qcftl 51 oil q>pi ft 3qftt f ? 

fqqq arft f, ftp qlftq/ftftftq ft qqt qqnqqq: fqq qft qqft ft anftt f. qtft fqq jqfttq ft 3 tt 
qpT f qt 3tft tftgq 3qqqq qft ftftt, qqT fftgq qqrrQT qft oftn. aiqq qafr ftr^q q^qrqq aft 
qqq/qqft qqqT ftq qq ftft. 3tft fftfftq qq ft, ftqq ftt qqt Qjft ft qqrrQT ft 3TTftt f. 

gn5 tftgq qlftq/ftftter aft fqq qq jqqtq qft qqft f . ft fRftft qiftt tftrft ftr qqt ft 

tftgq sqqqq qqft f. ft qq qqrq/^TTft arqqr ftftt ft q^ft qrftt qlftftt ft fftqft f. qqq^, qp qqt 
qr^rr ft aqftt f . 

ftft, qqt qq qq arfftqr ftftqrq qft qftftt, ftt qq qw/plft qft qfftft q^TT ftq qrr ftft 3Tq:, 
qqt qrftt qqt ft arrftt f. qqt ftt qqt Qjft ft qqq?T ft arrftt f, ftt QT3jq ft qq qft qft 

<q<di f , qqT 3ft qiW ft qfftqfftq qqqT f . ft qprq qqj ft qqr q<5qq qrqq qqftt f , 3ttr ift>< qft 
ft qq ft ftftftt f . 

3Tq: stq ft ^q fftftt afr qqrq ftt qqt qft Qjft ft qqrrQT ft y id ftft qq did y id qq qqrft f. ^jft qq 
qqrrQT, qqarq qafr qqfart qq fttq f . 

ftqftqqq, qqt ftt arfftqifftqT ft fftqq qft qq^r qqT, qrftr ftrapqq qftpftrftq fftm tft gq ftqq 
Qjft qr ft qqr qft qqrft. Qjft 3Tqftt qqt qrft ft qTH qqqT f ? q^ qqr q^qqrjft q^T QTT, qt 
fqrftqqq ft tftqT. ^ qft qftq qqq?TqTq/§ftft^Tqiq qqqT f ? 

fqqft qftq qqft ft fftft, fttq qrqft qq qqqt f , ftp ^jft fftq qqqr ft fqq ft qqT f , qqT ftqT 
qqqT f tftqft fqq qft qnidi qT qft. xjaftt qq fqq ftft ftp qftqw aftqfttqq ft qra ^sqT f ftqT 
f, ftt qT^ ftt qqr ftq f . q^ ftpqT qftqft qft qqTftt f, q^T qqq?T T?q 3»IT 3qq=q qqftt f . 

qftT tjptq: qftqft qqi STTqfttqq ft qqT ftqT, qq qqi ftqT? qrqqqT qrft ftp qftqft qq qqr ftq 
tftqftt qTqT Ijqftr ftr qqrT ft 332,900-^qT ft. qftr q^r qftqqT q^T atftpfttqq qqqT wfq qft, qt 
qqT q^ q|q qqft qqq qqr qqqT qfqT. 

q^r qqqT qfqT, tpqqj qrq qqr? qrftt ftp, q^ QftqqT ft qqqT ftqT f , qqr ojft ft qqTq ftrQTTq aqqT 
ft qqt ftqT f , qt ft owth sw qq qqqQT ftqr f . qq tftqtft ft ftqT qftrq ftqT ftp qq qftqft 
ft ftr qft 3Ttqfttqq ft qtq ft qqqTft qftqqT 1500-qft ft qq qiftJII. 




^ PT^f t* aTSPcIT. pRT3W 1500-Sit Sjt, ftaFT TTxJT SpT 3TFT tt aPPI 2TT, 3tk far ^ attard t fsp 
3TTFT Sjt 3ft USPtQTanar ?TT. 



^ -^1 Ofl ■(dlddl d y dl fid I , of! Uoll ^cl kill i-K-d'-K f d y ckK sfprr y^-d , dfl Kb t y •{ 
y>d t, cfSt y>l£ 3fr d3TSt fy>d I $d=l cHd-^1 d<Hd cPP 'S'SpTQT d£l t dy>dl, oft Pjt Sp yy>l?t fp atTanat, 

^ra^^RTT d aft ijt d nsprsiariaT/ttdsianaT d- 

PPParai 1750 t° ctsp, g?tsp d fdsilT d, dp ^ Xjadt fRT3W at3-aiPTr d TO3T d atldHrST af 
3Ttd. 3?dd fspSItT fsparT fsp ajf 77sf sjaaft Ttsp TTT2T M3M 6000-Sld d 31 faded af d WtJ, 3dlfddf 
d ana-ar nrdr fspd td ^ nan spsft said aft aifd OTsfiar aiarst d d 

(dadcHeol Sp atapq- dSP, 3dlQcb Tjufan dtJE’ d, fd Ijadt spftd Sid tjaidf t, 3ttl ^ aiapiT £ ^ 

3TFPTQT d ‘kld.HH a?t, rT^TT Pjd dfTT d ^PPTQRTT^T datT fd 3TISI t- ^J-fldrPt sd 3P5ft HPT dm 

diet <£S?TT STgT oft t>y<?i gkS foTR eld d aid, 3ffd| 3ldsp Spdd Sid efSp faicHell at- 

S' oil cpt ycf) did oft *ldl Spa TPPrTT t, cTf arid sd droil d afSPeft t- 

■^4 rf2IT SJ^sjf cp dKl 3ftT fT 3ftT yyidf % 3 i<Hc-y cpu| fid aft ^i| d yy-cp< cH J 1 1 d ^7 3ldsp did 
(fd° dt°) dt uript i\ JTfptQfrpt ^?r t- ^p# hpt arf^Qt WRt ^jct % cpuff tp snstfr 

7PT dddldl diatlH Sit t, cT 2 ^ fkS tft ST^ltt fp dl<HH fstQtTcT t- It^ft 3ft ^QftPt SPF^ af 3P5ft 
ticfi t- sptt dd?frpt cr>ui kbdl ydd,/kls t' ssprirTt t> rft fdcPi c^t 51 oil sir eft ydd/kis d 

^an^dftd tf ^^Pcfr t, 3T2isn fctvjfr 3ta=ai m str 3>off ft yftci^d tf ^ndf t. 

Meysf % t J| klaUd spur 3TTSPTQt ft sja^cfr IIT fdfclT y f K sjr^cf <f d t- TJIbddd spur y 1 ^ gi<i cd"UT3Tsrt 
c^fd tr ftsp ffy oid t- 1 y f 1 ftfd- titrt fly^< ffnf <f d t> 3tfr oirtd tfldl d farpt otttf t- 

yyisf % sit spur tt sjt^ artt-yd t' nt?t sppf ^7 old t> J id ?f oid t rtaiT ie-ynoff s^t d<f 
Rjjllftdi irM^H SRPT t- 




RT3T[RRcP ^ cfRT ;S>y < y 1 ^ iff <f d gy y l^y 3f TTftcrf^cT olid (?, y <c-d> y Sl^f ^> ypO> R> u l f dd y ^ 
t ^p SRRfr vm jf nftcifdd ^ tp fM rrr Rfr faiddi. ^r er q|^ f, rrt 

3TFPTQT ?t ff?t Pkd o| l nts'l Epf ic*RI R>fd (p. 

ucdcp Rl?r?frR grg Rr xj^jfr er sepr^ t, ^Efr Ejfr 3Rff RRiRrftR ejr wg fR RRf afr 

gpj 3TfR % f^r^r ERfrcr r^t ^tcfr. 

zrafcr, ij^-cfr ^r retsr r^r faQTTR ^, ?r efrut £ ^ (^) sejrt^ ^ ert (^ttct) Ra^r 
f:. ij^-cfr # artrarr ^ at rfrr arf^rar QrffPQTTofr f:. 

?R SfRl EjTRUTf Tf, 3R|EP RRR RfsTSflR ERRTR # arcTaTT ^ TT SEPTT RRT^fT f . 

^p-3-flcH<-o1 ^ RRRT e£t ftp r 1^ RR3RT 100,000,000,000,000 (100-SR) RSTSf ^ Ejff UcdcP r£ R3t 
<R<d I |t. Oftr Rfe iRcf>t Rfct eft dr of), dr^HI iff y Ky kf d flcfl (?, R f Epf idl y<RK y<RlQl<HIR <<s) 
■dyicfl |t of d f?P fid I |t. y<^d, ■dtH'dill y f (t fcp y f,| 3TFPTQT iff y yfR RfFRfl cH yy|2f dft (t, oft 
Epf yi<'lsl-3i<yl SR yyisf cfit 3TPjf^ Buyl Ept REP ejr R%. 

?REP 3Tl?r1tEP, 3RR aft Rf fcf> ifRT it. ?RER 3Rt ffRT ftp ifjat e£T 3T1RT ?f 100,000,000,000,000 
(100-SR) E^T nfrT Ejf^f flcfl T^Rfr. -qfi c^T yicH 3TTRT 3TCTS1TT ^ BTf^PP R^f y<c-d, Rf 

gist Rt Rs?fr RRRfr. ^ ^ jj^ r yicbttui gfr arf^, 3ffT arf?^ ?if^?npfr ^pt ^fr. ?r hprr 
TJ i-cfr ^ RTTf 3TtT 3Tf?J^P RT ari^TEP Rf^/^T ^ Rfpr?froT/RfPlRTR fpjfr. RRTaf/RFRdT fREPT 
3T?t ^rjt fSp xji-cfr nr gs^p ^ fcroRr tt 2-^eps steT ?tHT ri^rt. 




2- PIRT5 RTT 3TRP 3Tf?lRT r£T ^tcTT, RPRcJ £c*3-pldcR 3r PT3TR 3t 3ft 3dlP|cP PRTR RTt ?R3fT QJ^RT 
Tt RIM .tfc)i fcf> R^T lpl£ pt RRI f?P R>^ olil Rj?T pt ppT ^. 3TR: 4 iRcH R^ t||<u|| fcp ^z| c£t 51 otf 
RRTPRT $ 3PRRR ptrft ^, cPI^d/RKJK R^t |f. 

RP3R|, £c*3-pWpT RTt TTETT 3TRR frTRTP 3TT^TT. 3TTRT for PJ^ HR ^P ^JPPRTRTifcR ^T RTTPR Rl^Pdl t, 

R2P I5TRT ptRT t, RR pPT% RRT^ RTT RR£|RT RTR 3 tr 3TtT faftRT. 

TJ^ £p J^ r cj|cpt5u| tp RTTPR, f?R?T ^3TT W RlpT/^R cfr RRlt 3t ^ pftft P^Rfr. ?PT 3Rfr RTT 
RRJTT PR -tj^i cpT RRTTQT RTp PIR>cl (?. pPT y<Pi< RzJ c^T 3RTT cpT prTR pPTRTT 3TRRT ^JPcRIRPtR ptRT. 

PR^T^RT t, ^PT ft cPT 3Tf?PPRR PT3TR RRT?t 3TRP 3TtT f?R dl^ll, 3Rlt RTT Rp PTtR PT3TTH pt 

RT^RT. RP3PJ pPT3t fcpRRT PRTR PFTRT? 

fRPpTRFR RRRT RTP PTRTT far Rfe PTfRT 3-Rt, 1-pR (2.54-^° 3fT°) RPpRT f, pPTRTt pR^tt 3Rfr 
RTR ppft Pf4r fRTRPfT t?P pPT% RRTTQT RR 3HRTT RTT RRRT PORT 3t 3TTR9RRT f. 3Ttp R^T, Rp ^RR 

3- Rt, 3t 1-pR (2.54 PT° 3fTo) fpppRT f, Rt Rp 3Tfc Rl^pd PT3TR R pPt RRT RTPtfl R^ RRT 
tplcfpRT PfRT. 

rI^v Pjf- PTRtjpt OfaplRlcP RRR Rep fpft RepR fpPpRT PpT, Rt 3JRRTTR 3t ?PT 3Ttp STfSlRT ‘pRTToT ptRT 
RTtf^ RT. PPT 3JR 3TPPR (3TT^fRT) PT fcTRRTR 3TPPR RRT f^SPT ^ R^ ^ tp HJRt^t RRt RRT 
RRRT <pl pl < 1 1 1 . 

ark 3rf?lR> rrt, f^5R ^ #r ^rt rtrt ^ nrtf rtrrtr Rft nrWr rrt pr% jjprrtrp^tr nrt rrt^ir 

Rft SpM. fPTRTT 3T?t t, pRTTt" R^ ^ ^Ptf 3TRT R^T 3R^RT. 

fR RRTR, RpT T7RT feTRSTUT ft^RRT ^ fcTRR RT,RRT RR3TR 50-RRt RRT, TRRTR ^RlPlR ^3-pldrR 
^P gpTR PT PTPf? ?PT% 3Tl?rftTP Hp}f 3Tk PRTTSRT/PR^RRUT R^t ^ PpT RT. 

3. 3TT^ TJZT RRRt 

|RRptRPRT ?PT RRRT ^ RR^RT RTT PT^H'/RPTRR R^T fcpRT. fPS RRfT RTf TjapfT RTT 3TRRR ^PTRT 
pl>H I RcflR RT?T ^3R. 

IrP^TTRcvT ^T PTRR R^ t?TRR fcpRT RRT f!p ^ TJR TJR ^PT % RRT fcTQTTR RTRR/PTR £ RRR 
J3R, RT 3TRPT 3JPRRTRP^UT ^T cpTPR f^TSRT RRT RRT. #PT ^ RTRR f^T5 PpP RT, Rp 

TJ3T <pl RT, RRT 'S-jl olpl Rp tslc .1 plrl I RRT, Rp^ efTR 3ttp eftR TJRct RRT. Rr^RT RTP, PT3TR 
R^T Id TJR^ e^t Rf^ ^ cjf^T ^T^ ^ RRTSt f^TRTpt ^ RTpP ^TepT RTRT RT. ppl RRTSt ^ RTT pTR 
fpTRT. 



^ff 3fcf cK 3T^HTT, 7R Rff ff^t, PR ^ 186,000,000-3^ (300,000,000-fo 3ff) nfr : Hfteft 



cTHP r)c£S ^ I'M I ^fr^TT. 3R HR cjtr t, off RT HJpT ff> fcRpff Hpf ydltfcT <3 KcTT t> off HJ^Hff ^f> 3J^f ff> 
y k! 3ffT HJTRcf’ ^ cTcTcff t- ^ff^\ f -dtl y SI fid I, cR HJRff ^4 ^ 3RT y dcfl , 3il ■( y f ■^T3-TcT dtl 
$ 




oR HJ2-Hft c| c-Tl , y k( -^-4 ePPIRP 1 8 6, 000, 000-3^1 d (300,000,000-f^P 3ff) HpT fid I, cff ft) <M c4 JH l<H ff> 
865,000-3ffoT (cRT 3RT 1400,000-fo 3fT) nfr 3fRTfff/3fRR 3f Rl^st) Jf ftpRTT ; H3f3T pRfrTT? affc 
y f f d<4 y <4>l?f yy Rolf ^<4 fd-4 u)<J>Sdf, cff 4-d I y><t) iff ft) cH J 1 3T3T 100,000,000-y 4 cH "J I <rl . 

7R 3ff, fn5 pff3ff fp fM 100,000,000 Hpf hpt 3T3RT Rlfa 3ftf 2TT. 

xja^fr nfr yddidi hpt strprt f^TRnr sf rniar hr ^ sf. fr artRRT hr ^ 2r ftp fcppr 
rpr yddid yftyftd |f, ffRr rptt t sfr^r t^fr Rfr rpr pRfR/ijRfr rr 3tfr 

r2tt sftt-tfft 3frnf f3ffr, fcRr rpr hrr afrr ^fr rpr 3rr irftHpfR §u. 

yftcldH ^ 3RRT tffff RFRR HPT 3ftRR3T HRRf tf RTJpFTT hBT 3ff fSp idK u lcT:, yddld H^T Rp 
3fr€f RRT/?R^ SRPf af 3RRT HRR Hjff 3R 3R?f 3f ffRFTT 3T3RT PRRn. 

RTRf R^RT (1797-1875) HTT3T ^ RP RpffeT ^-‘[HRTRfr ?f 1830 Rf 1833 Hp 3TRT f?T f^THR RT 
3-attf H^T RP HJFHHp RPtRR H^T. Rftf ftfRHJTPT TR HR f^zp f?p TJRfr RP HTgcT PRt RTRRT £ 

ftcbRfd ft- ^ 3RT 100,00 0,000-Rf ^ 3ff Rff 3ff?fHP an. 





4 jiff Tj^cfr # ■cjddic^j dfr afr, ft FFrfrtd |f. pftftd trFfr/aftF afr 3Fdd sMr dipt £ 

uftcjftd |F fF FPK ip dftFfd Ft feTFRT F^dt %. TjEcft $ dddlcVddaTT T&fft FCd^T ^TT^fT daft. 

ft m ft £ qM/ft# ft mf^raVcHMcHl ip 3tpt?Ygt at, Ft 3Tddd ^ ^ at. at ft ftf ftr 

Ulfulill FT cHFlfadi ^ FFTF dft at. 3Td: FTP 3TT, oflftd dFft/aJtdt FFd ^ ip 

Far Far 3Tddd sMr dipt Tt qftciftd ff . 




cteFT cp Fodf Ttd£ STtttF (Charles Robert Darwin 1809-1882) did #> FT> ftTf offer tcTFiafT 
at 1859 Jt FP TJFdF FPTf^ld afit, fttlFat 3Ft F^fd f?PF ftp oflftd tTFft/affFY at ^ qf}cl<td fcpF 
FPR 3Ff. 3Ft 3TFt ftTFRTFdT Ft F^fdTF FfrdTdf £RT df^td ftpF. dd dF ffWf daft gdddft 
at d^ Fdff?tF aFdFjef afr. 3lk 3F FRar, dddd F3fT dftd-ftdlPldl at tftat felFTF ftr f^FF Ft 
FffFTT ftpaTT. 

FF at, fftFRT 3FFT SftF t, dF 100,000,000-Ft FT dFF daftp d^f it. off TTPft 3TTF tjaaft 
FT t, 3d% fftdTFP fftft (andat ap fttaT) tjSFfr FT 3 rfa 3 tFf ddftd ?Yf dlf^a). dTTdd F, 5Tf?fd 

ip ddd at afr ^-fttFaftaft ft pftd ftrFiaftaft at Ff dft ftparr ftp xjaFr ftpcraft Faftd/gFft $. 

FfdF at, tdlQcp ftdfd fatft^Td t ^ ^FfT 4,600,000,000-eF dFftd/gFft £. off dddd 
5-3TFT apt ^tet *?■ 



50-art dF yJlldFdFr FT aftf^FffrdTafr, FT ajaeft apt ff fFf ?tat at ftppRT FFf af, dF 3d% 

Far TFnWFdFt ft aqtFFFdFt, ft xjacfr f) 3rf?tF gFfr/tFffd arFrf d% ffT 





TT3ft clft ^TT PTcT PT Pfelft Tft fft ^ ftft PPqfftFT ftpP t? 4J jfMftd |R41 PP SftR Piftd iM ft 
oftT Ic^PI fft ^4 ftt iftc^sd ft 3Rjlf PP TTPft cMSl fttcT ft 3ftT $dP>l 3Tft ft fft Tjaft &lgd y > <l<=Tl 
qft ft TTPlftt. 

PPT P^ ftSlP ap, qftft PP7 3PPPT 3P3lf PP ftPI ftftT ap ftt fft^id ft 3ft P5T ap? 

£c*3-£WvH ft? ttppp ft 3ft, 3diQft) eft aft ?rft ap tft ?jft pq pppqt fftp ft PPT ft apftr 

ftp zr^ pppqt ftpftr ftftr ptfj ft pht £ ftr xjaftr pt ft<i<HM qft ft fftrr ptt ppp % ftp frr 3P?qq 
Mc;ift ft fftp up>i< sft 3pft ft 

PTPcJ, ftft ft pppft ft fftrp ft Jftf fftp WR PPP PP PPPP t? ftft ftr PPFP ft ftpeT ftPPCPOT 

ftfP 3TRT an, fftppq STfaPPP fftap PP RTePeTT ap. 

1666 ft PftTTT ft ftlPT fft ftft ftft ft PPPST ftt ftftr ft PPT fftftftfrq gPlft ft RTTf^W ft Pftftq 
prtpt pnft, ftr pppqt ^jpp §3p up iftftr pppqt ft fsftPftP ft $qr mm. pfterr ft ftftm 
fTftpTJP ftr pftpm/TftFOT Pi^T, fftFPPq ftftq 3PPT ft 3Tft 3JP ftPT ft qftfft pftpm/ftlpmm 
ppft Tfftq pppqt an, aftr m ftr spn pp ^ppp an, 3ffa m ft 3 t^3tpt fftm pn pppp an. ftft 
pftpm/TftF2PT ftr icM^H Ppft PTToTT 3PPPT TftremftQft/TftlftTfttP ap. 

1803 ft aiftpp ftp (Thomas Young 1 77 3-1 82 9) PTPT ft Pm 3Pftq ftplfftm ft 2TSfrPT fft ppq?T 

fftsftq H3-cii^ ftr mj prftft ft ppp ft ppftp prftp pp ppp- ft ppt pft/ftn ap, mmft; 3 pptt ft 

fftftl ftft PT ftftPTPT PPcT/ftR PPPST ap. 

ppt pppqt ftrftKRRrQfr/TftrftTftft ft pftsT fftm, ppftp fsftFT prftp ftft/qftq ftqft fiftm arrroft ft 
^ftr, fttT ?nft qppap.TTPft sftftp prftp ^ft/prftp pppt pppqt ftt t, afrr Tmft jprt 

^pftr ft 3TcT: ft TCPFPRT ft 3TPT ft ft PPftft, fttft, ft' Pft fttft PPP9T ftt PPPP ftt/PPPP ftft PT^ 

3ft prg ft 3ft 3ftftp pt 3ftftp ^pftr ftrftt pppp ftt/prftp ftft ppjpm %, prap ftppftT ft 
ftp pt 

1814 ft, pftpp pft pftft-ftftr (Joseph von Fraunhauffer 1787-1826) PTW ft PP? Plft^T 
ftftftlftPTTPT ft PPT 3ftft3H3T TftPCTPr?fT/Tftpftftprp ftPT fftPT, Flap ftpFftT PP TPpqiftt xjftp 
3rqzRPT tftPT. sp^pft ft Tpar 3rrft ftM fft ftPFftr 3ftp pftt ftpT3ft pm p^t |3p t- ft ^Tftr 
^■RPTft FPPP ^ft/FPPP ftft ftr p?ltftt rTPT ftft ft PPP5T ft P^TP ?Tft aft. TftpftT ft JPlftT tftartft ft 
ptrf 3ft P^ mpr PR TPPrP t, fft qapft ft pftr ftt FPPP ^ft/FPPP ftft PTftrT aft. 

1858 ft, 3JTrTP ftpt ffttftp (Gustav Robert Kirchoff 1824-1889) PIP ft PPt 3FP Plftftt ftqftftp 
ft 3=T q^ft ft!PT3ft PP 3Tqpqq fftPT fft 3qpP PPT 3lft ft TTPkP f:. 




fansfa an nmar nan, ^ an ffn ^rafr annst tarfamn nanm an <nj amnngafr nr ntf fi. 

fan^r tot am nw^j nap nmar ant narf?m annnT f, nan nn an^nf nmn nrm at (amn 106 nr afr 
3tRtett nmn nm f). 



tffnsfm tf nnnr ant naf aprof nn trm napiQT am arfaran 'r^m. snnf f^p tmfpp nnar tf trapm afit 
anann nnn ^?r/nnn £r. spafr afr 2 nrn^rt $ nwnr nin ^fr/nnn nft ft. 

n04d<Hci5fr/n04dlncblM an OTrorn nr npnst srt trm ^tr/nnn fsnf nfn fr n^ ?rm ft nrapm f f^n 
napat tfnn n?aft nr sftt f . wr nnn ^ft/nrnn f^-fr nanf ant m^xjih^ ff ynfifnf an fnrsrm an nrarm 
f . ?Hd Mdi^ zmft ck j i c^Ti /d<n f'mt apt ararQitffrcT n><di f , mt Ifp 3nr Mdiaf apt <m<^ 3f 
icLRH ftdft f . $ n^ft fagpf Bc3\ ant ft ^Jlf^ill ap ^TQTT5=ft afit cR^ 3fT annt/apRT apnfT 

t 

fnmn arat gan, fSp nff ^ ^ w?t ap n^ror am art'nnn f^pm rt^, nt n^fr famaft afit f^srfnr 
?^r arm nrarnfr f, ^ ^r ftffRnn/nRrap^ anefr nw nn ffranm fRft fr f^pnr mpm £p totrj 

t 

nrfRRRT, fnrapt nTWRT^n nsat nftnr 0<indl<H (Anders Jones 
Angstrom 1814-1876) TORT ap nap nafrffST 3dlQcp af 1862 ft ffpnT. 

arait nrapr fcp ajfr nfraRRT a£t n^ft fagraff ^ ^ ^ afr, 

nft nrmrFar utnr ^?fr t ■ 

OjndWi 3n nmRT nr fr ^ ^rrttr arf^ nr arf?rnn annt # ^afer 
^tdfr nf). ftR afr, p^low nranr arf^nn nTWRar f:. ^ 

ffRRTTR •Hd-yu'i qn nRT3RT TftR-ntanf f:. 3TcT:, fn^ 3TT^ 

d^>) ^ Kh traRT dra nfr <afi <al'di nan. ^jaf nn nmam ?Yn 
ann amar ufnr ftfprarnr nn nan ajaf cp nraajaif q^isf nn, cpcrn 

& 

farnnin nnafr ^af^rnm dydn nn nRpnm nnnng t, cRn ftferaw ‘rtdfrar nr^nm nn -rucHdn 
d-rniuj fr. ^r 2 nRR tor an wtrj, amnn ^ am 98 nfnr?m arm ft Pitatd nft annnr, arfcr^, 
am tawmr ffnan nmn f ffn na-yy'i apjg nn 98 trfnr?m nr afr arf«tan arm fa=fr amnngafr nr nm 

t 
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19cfT ?THTs£r ip 3TH at ^ PRT3nn fT aRT STT, Rp ^ 3ff rTr^ft tt SFTT (t, Rp 

3TrT: 3 tst fepr aagg ggiaff gg Rrarc g>at gg gftf afr^rgg a|f g^T. wTfgrfgngaft gg 

ajtftcpftsHicfl gftgnt gg g^figr gg. jgg r gicpQff Ri^h gf g^T 3Rfr gg grin gfaag aftr ?gfgg 
3fat g3ff Rp I{£tfr gga OTEflH/^RfT dff £. 

a^dlR gg oflclftdiaft 3RRFT at, rT^TT 3Rgff cTR H^P TRrT dff Rett, FPP Rp 3Rlf gg 3Rg 
■R) d d fJTPTT. 



4. RgggnfatggTT/tRgr gRaT 

gg grgar 1895 a} gag. ggMr IRt fl^utd (1852-1908) aw gg ggt sgiR^i aftfRpRpggfr 
ggr Rr gggat gg st'Rprt pr g^T an, RgR i^Pwa ^ ggang Rrptrt at. aggt ag^R ^ 
mag Rp Rggg RtRprt t w an, 3 ft graft gR a|t gag an. aj)Riia at Rih^h aan 
cRcRTT gQlfan, off gg rPP Rfer d|t an, R f^RcRTTfa^raRT/^ff'gf^RT gg RRT Rag Rag. 



a^Rggr gg gap w oiRggd ggaggpff gr ggT an. 3f fen 
ggaggjaff gf R ggs; ag=g ggg aft farggggf^/tltait'qgff at, Ran 
3diRgfi at ?gr gafig- agR gg ggggiaft ijcfap artararg mrar Rpag. 

famt - aga^t (1859-1906) rtr % gap tpifgfgft -wigd Rpggfr at 
gT^gam ft y dd 1 fafap/t'ftajt'ygff g^naff £KT RircpiRd 3R gff ggg. 
ggrat Rt 1901 ?f ftgm, nan Rf ag^R gag Rp gRr ftg-gftrftg, 
agt-gfgfant ftMdRd ?Rt aftr ganaff at gt Tram aaagfig 
?tat gg afr 3Rfr gf ggg gag Rpggd: anafr. d?g # gap 3mn % RtRprt # artf/arrtfr aifpr 

cfap 1 600 g^ Raffjf. a^Rlgd gff Rf 3Rlf 3fT«t ^ aap 3fftf%afRT amT aam 




4,500,000,000 dffdT.W fcd ff f^cblffld 3dlf # dldT arfsfap dff afT, Wd; ddTH ^ 
ff tjff y Id cjlpfi Sdlf fcr?TTc>T2fr. 

ar^ dd awd an, y-afi'kb cprf ^tt ^and afraid d£f an, w $ 3 dfr an afr. 
ftoddifafwfftafptdff qwDj fpw w jnl^anT af, df 3 dfr ^ wt 3 dfr hpt arf^rsTTf^r^TT hpt 
f^zpr wd an? 



1905 af 3Tpdt aTTfdfld (1879-1955) dTd fp dafd-f^HRT 3fff?|cpfc|dlrfl af ?d% 3dT HPT OTT3T f?RTT. 

3daf dnfsfrdT Ri^id ufamftd fcRn. 3Fd wpff cp did, ?d fffgid fr er?ifan fcp waf araidT aw 

dcR (ft ycfi 5i kbQllpfl S' oil d>T did if. yeiiaf cp) pTE£ 3TldT apf 3ff y-did S' oil af df<y Icid f^P-dl oTT 
dafdT 



drawn ^?tt 3 # af drordd/diawaj waf af ifrw arlnt^a-^T aw #r nffarfffd gf, dan 3dfr Hpf 
drarnn arr^T ft wwd gf. ftyddifanp/fftajf'tdff wmgafr af, waf # arfsfap aw a^ff gf , w 
nafid w £ arfsfap 3 dfr w gf . 

wd; ftoddifatwfftaffdaff waff # arfsfap 3M 3dif af wf nffnfifd gf? fw 3R wrngaft 
nr dafid ^t sTcdf fr w gan. 

1 9 cfr QiHTP^r tjpt daw af wmgaft nfr nyd<H w awn nan. fddT ddyrstm 3*5 afr ^ T6 Jid dff 

F"- 

Pr afr, ffm^TTTfanp/fftafr'uaft waff wn farWfSid ffrffpdn fp wt wing ft arf?np dg/isrt at. 

3 awRwnafr (-) wt at. affc arciyiawicfid w ffrcrawr wf dn ?nwfi?rd wff fr nwngaff nfr 
wnan,^ ark afr arf?np dd; fkf. 



anfdekrdPk (1871-1937) aw % w akkr afff^rapffrwfr at dranaw wpj 3 f ant 
‘kioddif^iap/fltafr'iraff waff fr f=Twrf§rd aramwuTafraT wft ^ swTan. 3ns w df saRTar iwr 
nTcf wrng % JTt-zr fr ffrwr wg fns w fsnr 3m a^r f^anaft ^ f^rar 




ftragf |tt awRwnafR wff naf ftna^ afit fenaft fr ^ 1911 ^ craffan ffp qnpj # 

Rarrawr wjfr m 3 ?t% ^ % w ffe af afr, fnr^ dTfafap wt amT. ?fn qnpj 
difanp % mff afrr wff fr fnm jan an, ^r dim arpard afr. 




RTRTRR TTTTTRlftRT RffttftR ftft fft fRR RTT RRft ft RTTT RTRBgaft ft fcfeTRf RTT TJR: BRRTanRR 

tfttfd/RTfftrr ftRT an. 3 tfrr rr; 3ttrttt ftft ft RnmT, fctR-diftr ft rttt 3trrr rr; w ft aftft ft 
fftft aft. 3TrT:, ftcid iioi'i ft 3RRfn gf 3TRf ftt 3 t^stt, d y <hi^t ft :^oi c i icM^d ft Rftt. 

qn^, ^fr artT, ftRdditftRr/tffRtRftt ft RifftRr ft Rruft ft RfftnfR gan Ran RTuft rtt ijr: 
RRRranRR gan. ft rrt (nfr^t^r nft <^did) fcferRi ftt antan rr3tr 2000-^ym antr f. ft amft 
ft RRRranRR Rrrft ft arfftRr m ftt RRrft f Ran ftt rrttt, ^<^<+ei 5 Tt ftt arftan, arRRarfftRT 3 mf 
irM^H rtt RRrft f . 

^rft ?Rft ft, ftRdditftRTRT/tfffttRfttRT, irriuj 3mf Rft tfttfd/anfftR Rrrftt f. 

LRRIUj 53lf RRT fftQTTR 3R3rY RTT RtR f. RF RTiRR: RTRFg ftt RTfftRT ft RfftR TFftt f, 

aftr Rft TFFft f. 3 tr:, Rtftt Rft fr^ kI^r ft tttr Rft an. rf Raft Tram gan, nm 
ftRddltftRTm/ftfftrRftfHT ftt T3t3T gf. fad^d ftfttR ft fr RTRBg 53lf ftt 3Rfftarfft RR RTR g3n. 

d'Ri RR RF RTR Ft dm, Rtftt R>t QfTR ft $RRil 3njRTR ftft RRT fft RTRTgJ 3 oil 3jf ft RRTTQT RTT 
fttH ft RRRft f. Rtf R^t ftRddltftRT/ftfRtRftf f, RF atfftfftQTTR RR ft 3R3ft 3FRRR RftRT. 3ttT 
3Tf?tRT RTR RF f fft, 3Rlf qft fRft fttftt Rift ft fftWfStR RftRT fft RF fftFRlffR Rft ftRT. 
FR% TRTR RT, RF fttftf BR TTRTTR Rfft ft 3Rjf 3FRRR RftRT, RRT RF fftfFTT 3JRRTTR ft 3tt RRtft 
RRt RRT fRT RRRT ?FT t, 3ttT af^RR ?t 3ft RRtft Rft RRT RRRT FfRT. RF 3RR FR/3RT RRT. 

RRRJ, RTfenf RF aft fftr RFet fftR ddlfftRTRT/tlfRtRRftRT ^TRR ^ ft RtfR RTRRjaft ft Rlftt 
Rftt. ftft RRRng Rtf Fjft ft tftRRTR f, Rt 3Raft 3TTRT 3TRRR RRT ftftt. Fjft ft 
ftyddltftRT/ftftRtRftt LRRIUj ftTRR fRft ft f oft Fjat RTt 3TFRR ^aRT 53ft ft ft RRTft 
f.tftRFRTfftRTRT/tifRtRfttRT 3R3T FR ft RRTRT RT, RTR^ RF 3HT Rft RT. 



5. RRtoTR 

tftTTcfrft RF tftRTRT, tftr R^fft ft tftRRTR tftyddltatRTRT/ftfRtRfttRT ft ftTRR R3TR RT3nfttR RftRftR 
Rft ft RTRR 3TRR RRTTT ft RftnftR 3FRRR RTT TTRTft ft aftl ftRT RRR RTT Tftmftf ft 1919 ft 
fftRT. 

TftTfttf ft RTffttRR ftR RTt fttRRRTfftRT/ftfRtRftt RTRnJjaft ft aTRRTRTRcft RTuft ft RTR dRTTTRT. 
RTuft ft ft RTFftRR RTRRJ3Tt ft RTfftRT RT dRRTT Rift Ran RTfatRT ft RTuft Rft ^R: RRRlftRR 
tftRT. tRTTTft 3RRft 3ttRTfloTR ft RTRRg ft RfftrfftR RTT tftRT. 



FR RRTR, Tftmftf ft RTRR tfttftd RTfftfttR 3Tfft1ftRT 3FRRR ftt. RlfftRT ft RTFT F^^dt ft ^R: 
cRRTRTOR ft T2TTR RT, RF RlfftRT ft 3TRR: (3TRT) ft RTuft RTT ^R: RRRTaTTRR g3R. 



3TTR M crsff at, 3 1 Pi chi R 3TRR 3nM MR kfM RTfatM arfatMnk icM^H M R2R M 

cHJMl y l<3T ft RRT, fcp |RT cKf R>T R>lf ZkR Rjk 4> ycr>i?T 4> f<H ■c) ft RRiRT f . 

Rft r^ rtrtrr fc] tj clh i 1atRnn/t1fafrR3ftRT Rft aft, ofr rj 4 cfir Mr angfk nM f , Ran ?fr 
Mrrrtr rM f . r^ nftf 3TR jfr RTfatM atfafMn ft rM f . ?M aft tM an. 

RTfa)<£)ci 3r1atf9r>cii4, rrr <rifi ft McPcfr, R>aft-R>aft 
•imiajPicb arfatfMaft ft? M aft rfr f . ici^uui 
fn M, Mr/MRIr, Mrt, rMt/rttr nft Rkr 

RJpfr fy l/y 1-4, ft TT3T oilil cTT RRR: <nfl olcM. cf Kb<H, 

■imiiiPcb arfatfftRrnft Mat ^t rt mM f , Rfc 
rrht # amjfct # M. Rfc Mft fRR nft nMt 
rtM rM rrrt Mft mr |rr rt rimrih 

RjRRT M Rt fRR RR Rl4<W. 



y <=-d,, <h i T sh cPi - i-i arfatlMaff ft> rtr ftm Rft f . ^\A yR=-i nr aft ft y i<at Rft fRft. 3-ri i1=t<4> atRft 
rrt (Rih^h) R^jn at tftr ^ # rr^t 4r cHmdHiH (RRann io,ooo-Mt mfk^d) rrt aft ^ RRk 
rt RTfatM atfiDMi^' Rtfat Rft fMt. 

Mr RTfatM atfatMnaff Rft rM 4? M rrt ft srtr an, fftr g-wiMy, rtMt rr 3trrtrtMrt 
rM 4r rtr crtrr fM Rtft. k RTfatn atRQR ft fns Mr MnrfSrR M f . RRRJ, 

3 trrtrtMrt Rnnf sttct 3 Mr # M M rr Mr rrt tjsrt 3tqt rtr gan, Mr rtt arfMtsT 
3 tft RTfatn Rft Rft t^Rr an. ^rrr M gan, f^p anMfitar arRrUrRTT $ Rnrafr ynrt w ftdft 
f,3RRT M arfspn snar M Rsrft f . 

ark arakr arRmROT RTMkar arfatl^aiiai Mr 3ant 3nna=R nR Rnncfr f , rmrj Rjk ?it?n 
4r Mr RRk T Rft f . 

1915 k 14M.H STIR ffeRT (1873-1951) RRT 4? RRT akrfM RRTRRkRTRtt A fM Mt 1?P 
4 RTfatntt ntt rrt rtr fRRT MR 5wr Mr 1 ?p 4 f)M<H anMn rrtR Mr urt 

Rnar rrrr ft M. ararkr, ftMRT rrtR Mr ?RffM rtMt MittM ft M. M aMn r^ 
RTfaRft ntt y<R nf RifaRn k RkrrfkcT IMn oii4, krfr arfat Kb^ii ntt RTknfiRr RtaftoRT f . 

<p 5 M k ft, kite RTfatM 3#ttRf ^ Mr k rrIr mtr rth rr ^ at, M 3 tr rrt mir 

jfr rt^tM aMMiatr ^t akran ^iffM-RRtRR artM 3M 3 ^rrr Mrt. alk r^ aft mir ft 

RRT an fcft Rjk ^ERR: ^IffM f . 




Apparatus used by Aulhartord 
to break up nuclei of nitrogen atoms 




Rkt zr sTTf^r^ra - arf^rftpxn f, nr Rat Rt MaRdTd rM f, dt frnf ^|1 chh 3trsr ft snfatn f . 
fTTRR RTRd aR 3ft ft TTRdT f R^t ?f 3Tf^TEFT ftfftRd aft f?P aR Rat EfT t^r^T3TRT ftk fp 
ddlju'i TTdR af ^l^flcHH ^P TTRldd TT Rd?ft Tft. dddTdf k Sdfap f?P R^t ft RaffR ^l^flcHH 
kfRdld f , dt R*t Rt dm # dT^ dTRf Rt dR ££kRdld TW TTR^ft f . 

rtpr, ?rnf aft rr ^t?nr rt. £i$flcHH fp Rpr dTfstRff Rft Tfarrfitrd Rdt ^ Mr 3 dRft rr tttr 

dfk fcT?rm rpt (Rfrp) ft cTRdr/RRRT ^di ftdT. rpt cfit dnjfk rk=1 ^ yzip* ft, r> 1£ nrRft dst 
Rdt # Rc-Rdl 3ft RT TTRTdT f . dTRdTd fjTddT dfttR ftdT, 3?dft ft ?ftRdT ft p^fldd dTfStR 
Rf^TRTST ftft, dRT RR-^Rt fp TTTR df?tR SlffP TT CRdM. RT?R Rat # TTd^ fp dlRdld fp R3TT5T, 
dTRdTd ^nift fffft ff ft dTRQRRT dft ftdT, dfafR Wft fMt ff ftdT. 

£l$fdd TTRldd 3ft ^d/3dT Md dff |3TT. 

M ddkt ff, 3TT2k T-2.dc! Rft JdH dW fp RR 3P>tn .RJlldftddft k Rf 
fp 3R=R: TKRdl RT dRRZTd fcpap RR dMRfod ft RdT. 

ZR TT3TR an fop Rat ffd sfit RR fctQTTd ffet ft. aR dt TTcR ft f fcp 

dd rt ftferan fr Rk # 98 -nf?rsTd rrrt rM f , dt M ft dt 

f . r 4 cp 3TRT at ZR R3TcT ap fcp RTR Tldp RT dTT ffd Rt dR dR 
RRTdT Tf, dR dR ftp ZR dd3Td old d ft dTat. RRcf . z|f^ <ld I ftcTT, 
Rzf Rp cH ffer RT J|Z|I ftdT.aR <ld | fcfQl I cH f3s dfl J3TT ftdT. Rf^ <ld I f, eft ftRpf 

fRRt fdRT fatQTR R3T? ^at fp RTR fp ZfPdRFpituT ^ dt dft fTT RRTSt # ffe ^ R%PP? 

yff Jdd ^ faTER fcpzp f?p 3 ZR dlMdld RP Mr M f , RT Rat cpf Rt^id PT cJT TndT f . 5RT 
dTRTTR fp RRR M RlddRd ft?ft f . Rf^ dPWTR RRtd ZTPR ft, dt M ^ 3p 3R^ 
Rr?lldJj-(?rdlRt5u| fMf 3ft RlddRd fWt. 

RRR, RPddT 3RR dTRRTR M Rfl? yffJdd ^ 3TTR9RR RRRTR ^t dRT 1920 fp RTfMp 2T5TR 
^ fppSR^ RT R|PT Rp Raf 3PFd : ^ RM # RdRRT TT Rft 3Tf?lR M ftdT RTff^. T^at 3Rd:/3TRr 

# afrr M ftdT RTff^. Rat fp M rt dPTdTd 25,000,000-fftfr RfMr: fStddT srr ft dRdT f. 

Rf^T M ft dt, ^nfftdd TTRtdd TT3TR ftdT RTff^. aR 3TTR9RRT dft RT Rp M RdlTT f?PRT M 
Rp ^rfftdd Tfaftdd Rat i£t TTdf RT ftdT ft, PRT? dTRdTd 10,000-fftJt Rftsfte ft. aR 3rf«tRT TT3TR 
ap Rp ZR Tfaftdd Rat fp M 3TRRT ?TT% RW dTRdTd Rft 3Tf?tR RT. 

Rat ^P 3Rd: 3TPP 3p 3RR dTRdTd RT RTdRJ faptfed fW. $dd-dld cJT fPpRpfard ft dM dRT 
spRd M5dT dlf^TR 3Ttpct MdT. at dTflfR 3TM/3T£fTd RTdR| % 3RR/3T9T # adTaTT, 3Tf?tR 
fPTRd 3R dTRt. 3Td:, M RTTR, $ 3Tf?tR RTT 3ffT PPPTdR RPTTM dk fTTTT TTRldd 3Tf?tR 
TT3TR ftdT. 





far afr, a^ ap^RT aifem Rfe an ftp £i$feRH fefeiRH, fen aR feRT. ffeRfer feRnn fe nn ffeniPcid 
feRT? arffe a^ amfeR tfrsfr Rife fe arfeRT, fer fefe ?Rfer safer ScM^h anrfe fe afRR Rfe feRT, f^dfei 
arn fen fe arffe r^ apife arRfeR fern Rife fe feRT fe r 1 fefe ferferfeR fe ri4jii. 

annsaRp an Ife fefe fe fen aR arRararlSjap arwm am nnm fer sarffenlfe fe fefe mfe Rrffeaferar 
arftnfeRt fe fen/nr afe rrrt afe RTfe. fRnfr nmfe fe ferfe, annsanp an Ife narrRsnRT afe 
^Qnaft/f^aiferfe fe RTlafferar afeafefeanarf afe amife Rm fenm/RRfn RTfe. Rn arn feam fe RfeRT Ife 
r 4 fe ai-d • fe ?RapT fen/nr apan feRT? 

1938 Rap, fefer jiumi 4 nmfe nn nfern rtr Rfe an. ferr amfeaR fefe (1906) rtr fe nap RfeR- 
arfelfefe afelfeferfernfet fe f^nfe rrrt afe Ran npn Ife pjfe fe fen fer nsn fe ^iffto Rrfafep 
RTlafferar arfaflfeanaft fer femRTafi fe nm fe afeaflfean/lfean nfeRT. afer fe feferaR ScM^h nfeRT, 3ffe 
i>oi'i fer s1%r <hmt irM=-<n arfeRT, r 1 ^4 fe fffcfraaTRTR fe fen 4 arranarep 

rr3tr nfet RRar, apife RTfnftm nfer 4fRRnfei (rpr 1912 ) rtr fe nap 3mfefr fe JiRdiu fer 
Ran rrtr arfeRTR rh Ifefe. 

3tr fe RRpan cpt pen /n<H iti ic-i fe j|ii 1 . cfenlfeapr fe afeR 
fppPTPn afe fjfe afe fefrcarRTR <<si4 fe Tc4 4 nan an, arn 
£i$feRd d'felRd fr. 

Ur4n £i$feRd RfeiRd ffem fe Hffe fcPT3^ n|t ?fen. ^ 
pnnann 5-anm naff ^ gffecamT^r attr arafr afr ^iffenR fer 
‘nrQTTPr snm 5 fe afe^vafenfeirnT/afe^PPir, afe[ ann^/an^ nfer s-anm naff fe ar«nnT, 
^taann:, arffepfeff fe ?affepnr fer arafer apnfr fe pnapifr, ffenfe wi, ija-fe arr nfenr 

anjfaan fe cHi4jii. aR^g, aaffen a} a^ arpafe ^ $. ^nfe f^rfe arafr ai^?rnT fer ann?anpHT 

$ 

arafr afr a^ mp aRfen arwpn t 

^ fe 4rn anr ffen mpR fer nif^rferar arfafertpan ^nffenar ^ frf^raRr ppaRR fe f^rfe ?fefr 
fr, fns amn afr 3pan=R apRfr f5nfe ngfnfr n^rf fe ^nfenfr fpaf rja-nr ^ ffe p^rafe anm 
f4cH^H afr nff ?fefr, pan aRnaf aBt parf^arlpr ^ ^pr ^ mffer ferf ?. 

#fr fe ^jaf fe 4rn aR ngfefe irM^H ferf t, 4 napT?T fe fen fr ptrrt ?fen rnfar anr ^ a^Tfe fe 
jpn fr fefr n^?T anr nmf t, fefT ffe arfe a^Tfe fe fe Rfe. fe nrafr f^?naff fe Rife ^ pan ^jfe afe 

PTeTf arr- 2.3-feap5 fe ar|fe RTfe fe Ppar^nTR, fe 3napT?T fe ffeappr afR nRap Rife ^ r> ijafer cfe 




fern jf ^Tf^-QfRq- sr nr 8-fRraR: sR mtrI fi, dewier, RrrqRr ujj aR (^tR rts^t aR 
^ ^><H RR-|R <R %) n^f^TcT ^R olid 

fits; £r MqRfcR, arr^ft sR 31 * 3 ; ^r, diR-dci/doRdi ^ ^ RprRi imp wiFRcfr jttRrp £ araaRRJn 

?R MT?T JPtft^P Rf^RfT (1918) 3TT3T JPT RRT 3I3RRR£T 3l1f?|cpR)^ld), 3M RR3R RRP RTT folRT3R mm 

stir <^£id) rR ij^-Efr nr ?RR RTofr rnfaRRm arfiRRpmarr sR ?ttrt Rpm. amrmRT, 3 rfpi arrmR gan 
Rp cRTT cj^ $<HdR >^4 RR 3 fr 'Si Id RJfol -dd>dl 

3R73R dR^<£d MROM sR 1-3fpR 3T^- aR ^ild) HpR RTTRT HPR3R HPT 3MsP<H pRTRTT. fRlRR 3T^Rlf qR ^PPR 
cR^ cPT ^RRT 2TT Rp cRT 3T3R mPTR Ri JPM fRlRR ftc€t/ 3jJJ| U cj R^TS=ft Hpt 3fc 3||f RPPRl. 3TRT:, 
Ml 3fT JRT f^TcW, R c-^^ldl ?RR. Rf^RT R 3Tf^3H3T 3RRT mflM fcRTT. tR^, 3Rl RTTcT 51T % M 

jpufr sR rt fiu £r RrTcr mRRR. 3 rRi mam # ftp Rprft ^fidl RRrmR diR.il. tR^, armR gan Rp 
3tR$tt R Hpfr JPRT fr RRrRr. RRtrRi RRmR mRRr R, arr rp Rr^rf ( 1 / 3 ) fr fM. 

3RMR 3TTRT 3RP3T RTRTT 3TUMT qR 3Toff mPTR 3TTwR)T8fPTT RPR, fn5 3ft fRa^R ?Rt RTcRT. 

srpR RRrmR 3=gfrRr RamaR mRRr R, arR^n^r 3 rpt fns fr MgfiRr Rpr rR s). ^ r! ri mam 
r^t, am rRr ^R MqRRaR r^. 

fn5 3RtRRpRr?nRR fR mRR |U <^£ldl HPT R^3RT ^P^R fi. 3lk 3R ?Ri, £ ?R1% RrR Rrf^TRT £ 
Rp fRFPT Rrrt %R Rrt RT R1%. 

?R# ^Plf rR(^ f: Rp ^l^llcHd dillvdd fr RjR qR c^Lil<H|3T RR3HT t, tR^ RjR ^ R ^ 

RoR 3TfM|pR3ft 3T2RT ^-4,£ldl ^P Rm R, iR) Rld^d RTRT ?Rt fl, 3lk 3TRRP ?TR ^Rt 3TRQiFPaT 

$■ 

t^nRpp Q^dR ?rt Rim qr RmiT uR toRr hrRt rM. ?pp Rp RT^t/apRisr Rih^h 

RT^t/3PER5T <H^I vJlIdT. rT^T, RjR Ri S(^fC3T3TFr Ri 3lloi Ri RTT3T cRt STRSiTr 3ltR 3TRRP RTT3T y id 
5PR RT3mI. 



